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Abstract 
Using the cellular automaton traffic flow model, we study the vehicle gap distribution of the mixed traffic flow under 
the different delay probability and the different mixing rate for given vehicle density. Computer simulation results 
show that the delay probability has no effect on the vehicle gap distribution for the case of the high vehicle density; 
whereas, for the cases of the low and intermediate vehicle density, the delay probability has great effect on the 
vehicle gap distribution. Furthermore, one notes that the mixing rate has great effect on the vehicle gap distribution 
for the case of the low vehicle density. 
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1. Introduction 
Traffic flow cellular automaton (CA) models have attracted much interest recently. Compared with 
other dynamical approaches, e.g., the fluid dynamical approach, CA models are conceptually simpler, and 
can be easily implemented on computers for numerical investigations [1, 2, 3, 4]. Accordingly, many 
scholars have proposed a variety of traffic flow models up to now. Nagel and Schreckenberg (NS) have 
proposed a probabilistic cellular automaton for the description of single-lane highway traffic [5]. This 
model is defined on a one-dimensional lattice of L sites with periodic boundary conditions. Each site is 
either occupied by a vehicle, or is empty. The velocity of each vehicle is an integer between zero and Vmax. 
Vmax is the allowed maximum velocity of vehicles. Up to now, a large number of achievements were 
obtained, but most studies have seldom considered the heterogeneity of different types of vehicles and /or 
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driver-vehicle behaviors and so on [6]. In real traffic, vehicles file according to their lengths, the small 
vehicles occupy one cell and the big ones take two or more cells. The effect of mixture lengths of vehicles 
on the traffic flow was investigated [7]. While driving on roads, different drivers behave differently. Some 
'careful' drivers tend to brake more often and accelerate slowly and are characterized by a higher value of 
the deceleration probability p. On the other hand, those 'aggressive' drivers who accelerate quickly 
correspond to a smaller value of p [8]. The influence of aggressive drivers on the properties of a stochastic 
traffic model was investigated [9]. Besides, one notes that the mixed traffic flow, introduced by many 
different kinds of vehicles, is prevalent in practical traffic system. The properties of the mixed traffic flow, 
such as flow and velocities and so on, were investigated [10, 11, 12, 13, 14, 15, 16, 17, 18]. It is evident 
that the main issue of traffic CA simulation focuses on phase transition of traffic flow and the related 
variables; such as, flow and speed. However, the properties of vehicle gap distribution for the mixed 
traffic flow have not been noted and considered. 
2. Description of the Model 
     This model is defined on a one-dimensional lattice of L sites and each site is either occupied by a 
vehicle, or is empty. Each vehicle velocity is an integer between zero and Vmax. Vmax is the allowed 
maximum velocity of all vehicles. Periodic boundary conditions are chosen. Suppose, Vmaxs and Vmaxf 
represent the maximum velocity of the slow and fast vehicles in the simulations, respectively. The state of 
the system at the time t+1 could be obtained from the state at the time t by applying the following four 
rules to all vehicles at the same time: (i) Acceleration: For a slow vehicle, with regard to the vehicle 
ahead Vi(t+1)=min(gap, Vmaxs); For a fast vehicle, with regard to the vehicle ahead Vi(t+1)=min(gap, 
Vmaxf). (ii) Deterministic deceleration to avoid accidents: Vi(t+1)=min(Vi(t+1), gap). (iii) Randomization 
with the delay probability p: Vi(t+1)=max(Vi(t+1)-1,0). (iv) Update of position: Xi(t+1)= Xi(t)+ Vi(t+1). 
Where, Xi(t) and Vi(t) denote the position and the velocity of the ith vehicle respectively at the time step t. 
gap((xi+1(t)- xi(t)-1)) is the number of empty cells in front of the ith vehicle at the time step t. 
In the following simulations, the time is discrete and the road is divided into L cells of equal size. 
System size L is assumed to be 1000. The length of a single cell is set to 7.5 m and one time step 
approximately corresponds to 1s in real time. So, the slow and fast vehicles maximum velocities (Vmaxs =3 
and Vmaxf =5) correspond to 81 km/h and 135 km/h, respectively. The total number of vehicles is N and its 
density is ȡ. The total number of slow vehicles is Ns with its density being  ȡ= Ns /L. The total number of 
fast vehicles is Nf (Nf=N-Ns) with its density being ȡf= Nf /L. The two equations ȡs =fȡ and  ȡf =(1-f) ȡ can 
be easily obtained for a given f  (fraction of slow vehicles and 0İfİ 1). The first 50000 time steps are 
discarded to let the transient time die out. The average value <m> of any parameter m is calculated by 
averaging m(t) over 50000-60000 time steps. Since the periodic boundary conditions are adopted, the 
total number of vehicle gap equals to N (the total number of all the vehicles) for each time step. Vehicle 
gap is an integer between zero and L-N. In this work, one only discusses the cases of statistical 
distribution when vehicle gap ranges from 0 to 30. In order to eliminate the effect of the randomly initial 
distribution condition, one averages 20 random runs. 
3. Effects of the delay probability on the vehicle gap distribution 
Figure 1 shows the case of the low vehicle density under the different delay probabilities. From Fig. 1, 
one notes that the relations between the vehicle gap distribution and gap vary with the delay probability, 
and these relations can be roughly divided into three cases: Case 1: For the smaller values of the delay 
probability (i.e., p=0.1, 0.2, 0.3, 0.4, 0.5, 0.6), the value of the vehicle gap distribution increases 
nonlinearly with the increase of gap and reaches a maximum when gap equals to 3 (Vmaxs) and then 
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decreases nonlinearly. In this mixed traffic system, all the vehicles move freely with the given maximum 
velocity of the slow vehicles. Since a periodic boundary condition is adopted and none of the vehicles is 
permitted to overtake, the system reaches a steady state and all the fast vehicles have to follow the slow 
vehicles after a sufficiently long period of time and all the fast vehicles are confined to move with the 
maximum speed of the slow vehicles. When the system is in free-flow regime, it is easy to understand 
that vehicle gap with 3 occupies a major share in this case. In addition, the maximum of the vehicle gap 
distribution decreases with the increase of the delay probability. Case 2: For the intermediate values of the 
delay probability (i.e., p=0.7, 0.8), a phenomenon with multiple extremes is presented in the diagram. The 
values of the vehicle gap distribution reach their own maximum when gap equals to 0 and 3 respectively; 
whereas the values of the vehicle gap distribution reach their own minimum values when gap equals to 1 
and 2 for p=0.7 and p=0.8 accordingly. Case 3: For the larger values of the delay probability (i.e., p=0.9), 
the value of the vehicle gap distribution decreases at first with the increase of gap and then reaches zero. 
Due to the larger values of the delay probability, all the vehicles may have enough room to move freely 
and but they have no chance to move. So, vehicle gap with 0 and 1 occupy a major share in this case. In 
conclusion, even in the low vehicle density, it is evident that vehicles which overly slow down will 
impact the vehicle gap distribution significantly. 
 
Fig. 1. The relations between the vehicle gap distribution and vehicle gap under the different delay probability when f=0.5 and ȡ=0.1. 
Figure 2 shows the case of the intermediate vehicle density under the different delay probabilities. 
From Fig. 2, it is noted that the relations between the vehicle gap distribution and gap vary with the delay 
probability, and these relations can be also roughly divided into three cases. Compared with Fig. 1, one 
finds that there are fewer diagrams for case 1; whereas, there are more diagrams for case 3. For case 1, 
when p=0.1, 0.2, the values of the vehicle gap distribution increase nonlinearly with the increase of gap 
and reach their own maximum when gap equals to 3 (Vmaxs) and then decrease nonlinearly. For case 2, 
when p=0.3, a phenomenon with multiple extremes is presented in the diagram. For case 3, when p=0.4, 
0.5, 0.6, 0.7, 0.8, 0.9, the values of vehicle gap distribution decrease at first with the increase of gap and 
then reach zero. In the intermediate vehicle density, it is noted that vehicles which overly slow down will 
impact the vehicle gap distribution. 
 
Fig. 2. The relations between the vehicle gap distribution and vehicle gap under the different delay probability when f=0.5 and 
ȡ=0.25. 
Figure 3 shows the case of the high vehicle density under the different delay probabilities. Compared 
with Fig. 1 and 2, there is only case 3 in Fig. 3. For vehicle gap with 0, the values of vehicle gap 
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distribution increase with the increase of the delay probability; whereas, they decrease for gap with 1, 2, 3 
and 4. For gaSı, the values of vehicle gap distribution reach zero. In the high vehicle density, all the 
vehicles may have no room to move and the delay probability almost does not work. 
 
Fig. 3. The relations between the vehicle gap distribution and vehicle gap under the different delay probability when f=0.5 and ȡ=0.5. 
4.  Effects of the mixing rate on the vehicle gap distribution 
Figure 4 shows the relation diagrams between the vehicle gap distribution and gap under the different 
mixing rates. Fig. 4(a), (b) and (c) represent the cases of the low vehicle density, the intermediate density 
and the high density, respectively. From Fig. 4(c), one finds that the values of the vehicle gap distribution 
are not influenced by the mixing rate. Because all the vehicles may have no room to move and they are 
the "slow" vehicles. However, from Fig. 4(a), one finds that the value of the vehicle gap distribution is 
influenced by the mixing rate. For f=0, the system, which only consists of the fast vehicles, is 
homogeneous traffic flow. The vehicle gap distribution has a maximum when gap equals to 0 at first, and 
then decreases nonlinearly with the increase of gap and reaches a minimum when gap equals to 3 and 
increase and reaches another maximum when gap equals to 7 and decreases finally. In a word, a 
phenomenon with multiple extremes is presented in the diagram. For f˚0, the values of the vehicle gap 
distribution increase nonlinearly with the increase of gap and reach their own maximum and then 
decrease nonlinearly. And the maximum values of the vehicle gap distribution decrease with the increase 
of the mixing rate. For f=0.25, 0.5, 0.75, this diagram has its own maximum values when gap=3, 4, 5 
accordingly. From Fig. 4(b), one finds that the values of vehicle gap distribution are influenced by the 
mixing rate for gap<10, and for gaSı10, they are not influenced by the mixing rate. It is evident that the 
mixing rate has great effect on the vehicle gap distribution for the case of the low vehicle density. 
 
Fig. 4. The relations between the vehicle gap distribution and vehicle gap under the different mixing rate when p=0.5 where (a) 
ȡ=0.1, (b) ȡ=0.25, (c) ȡ=0.5. 
5. Conclusions and Discussion 
This paper discusses the gap distribution of traffic by cellular automata model. As mentioned by the 
authors, gap distribution for traffic CA has not been noted and considered. It is because the main issue of 
traffic CA simulation focuses on phase transition of traffic flow and the related variables; such as, flow 
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and speed. Since previous studies have seldom touched on vehicle gap distribution, especially in mixed 
traffic system, this work study the vehicle gap distribution properties of the mixed traffic flow, which 
consists of two kinds of vehicles with different maximum speeds Vmaxs=3 and Vmaxf=5, respectively. By 
computer simulations, even in the low and intermediate vehicle density, it is noted that the vehicles which 
overly slow down will impact the vehicle gap distribution significantly. It is found that the relation 
diagrams between the vehicle gap distribution and gap vary with the delay probability, and these relations 
can be roughly divided into three cases. Meanwhile, one notes that the mixing rate has great effect on the 
vehicle gap distribution when the system is in the low density. In summary, gap distribution is related to 
the allowable speed of following cars and car-following behaviors and so on. Nowadays, most studies 
have seldom considered the heterogeneity of different types of vehicles and /or driver-vehicle behaviors 
and so on. This work has studied the mixed traffic flow which has considered the heterogeneity of 
different types of vehicles with different desired maximum velocities and these numerical simulations 
results may be closer to real traffic. 
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